Conclusions: Available evidence suggests a moderate statistically significant association between IPV and HIV infection among women. To further elucidate the strength of the association between IPV and HIV infection among women, there is a need for high-quality follow-up studies conducted in different geographical regions of the world, and among individuals of diverse racial/ cultural backgrounds and varying levels of HIV risks.
Introduction
Intimate partner violence (IPV) is an important global health issue [1] . The 2010 Global Burden of Disease Study ranks IPV as 5th in years of life lost as a result of disability for women [2] . IPV may take various forms, including physical, sexual and psychological [1, 3] . Globally, it is estimated that one in four women experiences violence from an intimate partner in her lifetime, making IPV the commonest form of violence against women [4, 5] . Although both men and women experience IPV, women experience significantly higher rates than men, and suffer more injury or death as a result. While some of the biological explanations of the association between IPV and HIV are speculative, several empirical studies have demonstrated strong plausibility for this relationship. For example, victims of IPV may suffer negative health impact, ranging from fatal health outcomes, such as suicide, homicide, maternal mortality and AIDS-related mortality, to non-fatal health outcomes, such as injury, substance abuse, chronic pain and mental disorders [6Á8] . The reproductive health of victims can be affected, with compelling research evidence for an association between IPV and unsafe sexual practices, unintended pregnancy and unsafe abortion [9Á11] . IPV during pregnancy has been shown to be associated with adverse birth outcomes, including low birth weight, preterm delivery and small for gestational age [12, 13] . A landmark multicountry study commissioned by the World Health Organization (WHO) to assess the global burden of IPV between 1998 and 2004 [6, 14] confirmed a high burden of lifetime IPV among ever-partnered women, from 15% in Japan to 71% in Ethiopia [1, 14] .
IPV and HIV are hypothesized to have critical intersections, and women's vulnerability to HIV may be influenced by violence caused by culturally accepted gender inequalities [15] . Dunkle and Decker [16] have provided a succinct expose on the possible intersection of IPV with HIV infection. For example, direct transmission of HIV can result from forced sexual intercourse with a HIV-positive male intimate partner. The biological risk of transmission in a violent sexual encounter may be higher for anal sex followed by vaginal and oral sex. Risk of HIV transmission may also increase with the degree of trauma, vaginal lacerations and abrasions that occur when force is used [15, 16] . Where sexual violence occurs in girls and young women, the risk of transmission is also likely to be higher because girls' vaginal tracts are immature and tear easily during sexual intercourse [17, 18] . Evidence also shows that HIV transmission risk is higher in the presence of other STIs and when exposed to sexual secretions and/or blood [19Á21] .
With regard to indirect transmission of HIV as a result of IPV, some researchers have demonstrated a link between experience of IPV and increased sexual risk behaviours, including substance abuse, having multiple sexual partners or engagement in transactional sex [16] . Studies conducted in South Africa [19, 20] showed that women who experienced IPV were two to three times more likely to engage in transactional sex than women who did not [19] . Also, women who experienced IPV were six times more likely to use condoms inconsistently than those who did not experience IPV [20] .
Although the relationship between IPV and HIV infection in women is generally accepted, findings of available studies are conflicting [16, 21, 22] . Unfortunately, prior reviews [23, 24] focused on the relationship between IPV and HIV infection among high-risk women (sex workers, alcohol abusers and women who experienced coerced/forced first sexual intercourse as young girls) who may not represent the general population of women globally. Thus, there is a need to explore the IPV-HIV infection hypothesis among the general population of women globally since the biological and contextual factors that underpin are often magnified in intensity among high-risk groups [16] . The objective of this review was to assess evidence of an association between IPV and HIV infection among the general population of women globally.
Methods

Case definition
We used the WHO [15] definition of IPV which includes physical violence (slaps, punches, kicks, assaults with a weapon, homicide), sexual violence (rape, coercion and abuse, use of physical force, verbal threats and harassment to have sex, unwanted touching or physical advances, forced participation in pornography or other degrading acts that often persist over time), psychological violence (belittling the woman, preventing her from seeing family and friends, intimidation, withholding of resources, preventing her from working or confiscating her earnings), and any violence (a combination of physical, sexual and psychological violence perpetrated by a male individual against a female intimate partner).
Inclusion/exclusion criteria: [1] Type of studies: Casecontrol studies, randomized controlled studies, cross-sectional studies and cohort studies that investigated the association between IPV (physical, sexual, psychological or their combination) and HIV infection among women. [2] Study population:
Females aged 15 years and over, who were in any form of sexually intimate relationship (married, co-habiting, dating) with a male partner. This excluded childhood violence, violence by other family members/relatives and violence out of the home by strangers. [3] Outcome measures: HIV infection where HIV status was confirmed by laboratory test. We included studies that assessed the relationship between IPV and sexually transmitted infections (STIs) if they specifically collected and analyzed data for HIV/AIDS as a type of STI. We excluded studies that focused on high-risk women and special populations, including female commercial sex workers, alcohol and substance abusers, persons with severe mental illness and prisoners. Studies that assessed the relationship between abuse in childhood and HIV/AIDS incidence/prevalence in adulthood were excluded. Application of the inclusion and exclusion criteria to identified studies was done by two reviewers (YL and JE). 
Study selection
Two reviewers (YL and JE) independently screened titles and abstracts of identified studies to assess their eligibility for inclusion in the review. Where there were uncertainties regarding eligibility of studies, all reviewers participated in the decision about inclusion.
Study quality assessment
We assessed the quality of case-control and cohort studies using the NewcastleÁOttawa Scale [25] . For case-control studies, we assessed the adequacy of case and control definition, representativeness of the cases, whether controls were derived from the same population as cases, comparability of cases and controls on the basis of design and analyses, ascertainment of exposure and non-response rates. For cohort studies, we assessed the representativeness of the exposed cohort in the study setting, the selection of nonexposed cohort, ascertainment of exposure, demonstration that outcome of interest was not present at start of the study, comparability of cohorts on the basis of design and analyses, outcome assessment and adequacy of follow-up [25] . After reviewing the quality of each included study on the basis of these criteria, we assigned a composite quality score of 0Á9. Studies that scored less than 6 were judged to be of low quality.
For cross-sectional studies, we used the guidelines for critical appraisal, developed by the National Collaborating Center for Environmental Health [26] . We assessed representativeness of the study participants, methods for ascertaining exposure; comparability of exposure groups (including unexposed) in terms of age, sex, socio-economic status, and HIV risk factors, non-response bias; determination and validation of outcomes; internal validity, and how confounding factors were assessed and addressed. After reviewing the quality of each included study on the basis of these criteria, we assigned a composite quality score of 0Á4. Two reviewers (YL and JE) assessed study quality and reached a consensus score for each included study.
Data extraction
Data from eligible studies were independently abstracted by two reviewers (YL and JE). Differences were resolved by consensus among all reviewers. Studies were stratified by design (cohort, case-control and cross-sectional studies). For cohort studies, the number of subjects in the cohort and the number of incident cases of HIV/AIDS in the IPV-exposed and non-exposed groups were extracted. For case-control studies, information about the size of cases and controls, including the number of cases and controls exposed and unexposed to IPV, were extracted. For cross-sectional studies, data on number of persons in the study groups and number of persons exposed/unexposed to IPV were extracted from the comparison groups. We also extracted data on sample size, age of individuals in the study, data collection methods and study location.
Data analysis
First, we conducted a systematic review by summarizing, comparing and contrasting the extracted data. Second, we conducted meta-analyses by type of IPV (''physical,'' ''sexual,'' ''physical and sexual,'' ''psychological'' and ''any type'') and by study design. We calculated pooled odds ratios (ORs) for case-control studies and cross-sectional studies, and relative risks (RRs) for cohort studies, using RevMan software Version 5.0 [27]. Third, we assessed heterogeneity, using the Q test [28] and the I 2 statistic [29] . Fourth, we assessed sources of heterogeneity by conducting sub-group analyses by (1) region of the study (high-income or low-/middleincome regions of the world), (2) type of instrument used to collect data on IPV. To moderate effect estimates, we analyzed all data using the random effects model irrespective of heterogeneity level. Finally, sensitivity analyses were undertaken to evaluate the stability of the relationship between IPV and HIV infection among women.
Results
Description of studies
We included 28 eligible studies (19 cross-sectional, five cohort and four case-control) involving 331,468 individuals in 16 countries, the US (eight studies), South Africa (four studies), East Africa (10 studies), India (three studies), Brazil (one study) and multiple low-income countries (two studies) ( Figure 1 ). These studies were summarized in a systematic review [19,21,22,30Á54] (Table 1) . Only 23 of the 28 studies met the criteria for inclusion in the meta-analysis.
Study quality assessment (Supplementary file) showed that all included cohort and case-control studies were of good quality (score of 7 or higher). Seven of the 19 cross-sectional studies [21,22,41Á43,47,48] had a high-quality score of 4; 10 had a score of 3, due to poor representativeness [19, 30, 49] , comparability [31,34,44Á46,50] and/or low-response bias [53] . Two had a low score of 2, due to poor representativeness and comparability of the groups [36, 39] . The following section presents results of the systematic review of all 28 eligible studies.
Systematic review
Instruments used to measure IPV The included studies used different types of instrument to measure IPV (Table 1) . These included the Conflict Tactics Scale (CTS) [55] , used by eight studies [22, 36, 42 [21, 30, 45, 48] . The most frequently reported IPV types were physical and sexual or their combination.
Impact of IPV on HIV infection among women
All studies. Of the 28 studies included in the systematic review, 20 demonstrated significant association of IPV with HIV infection among women ( Table 1) . Eight of 13 studies that investigated the relationship between any type of IPV and HIV infection among women demonstrated significant association. Six of the seven studies that investigated the relationship between sexual IPV with HIV infection among women revealed a significant association. Studies that investigated the relationship between physical IPV, psychological IPV, and combination of physical and sexual IPV with HIV infection among women also demonstrated significant association.
By type of study design. Three of the five included cohort studies [33, 51, 54 ] demonstrated significant associations between IPV and HIV infection among women (Table 1) . Similarly, three of the four case-control studies [37, 40, 52] observed significant associations between IPV and HIV infection among women. Of the 19 cross-sectional studies reviewed, 14 demonstrated significant associations of IPV with HIV infection among women.
Meta-analysis
This section presents results of the meta-analysis component of the review. Twenty-three studies involving 308,410 individuals met the criteria for inclusion in the meta-analyses. Metaanalyses were conducted by type of IPV and by study design. (Figures 2 and 3) .
Cohort studies
Cross-sectional studies Analysis of cross-sectional studies on physical IPV, sexual IPV, combination of physical and sexual IPV, and any type of IPV demonstrated significant heterogeneity (I 2 50% and p B0.1) (Figures 2 and 3 ), but tests for cross-sectional studies on psychological IPV revealed a lack of heterogeneity among the studies (I 2 064 and p 00.10). 3 ).
Subgroup analysis
We explored sources of heterogeneity by conducting subgroup analysis. Based on available data, we conducted sub-group analysis by study region and type of instrument used to collect data on IPV for only the 14 cross-sectional studies.
By study regions
When studies from the United States (high-income country) were excluded from the analysis, we found that for physical IPV, studies in middle-to-low countries had low heterogeneity (I 2 052% and p00.07). By data collection instruments We analyzed data by whether studies collected data using the WHO Instrument/DHS Domestic Violence Module [55] , the CTS [54] , or Investigator Designed Questionnaire. For combination of physical and sexual IPV, two studies [22, 42] that collected data with CTS had low heterogeneity (I 2 056% and p00.13). Pooled results indicated that the combination of physical and sexual IPV was significantly associated with HIV infection among women [pooled OR (95% CI): 5.97 (1.94, 18.41)].
Sensitivity analysis
We conducted sensitivity analysis to assess impact of studies of low quality [36, 39] 
Discussion
In discussing the results of the review, it is important to note that the focus of this review is different from the focus of two currently available reviews on the association of IPV with HIV infection in women [23, 57] . The review by Meyer et al. [23] and another by Stockman et al. [57] focused on highrisk women (alcohol abusers, and women who experienced coerced/forced first sexual intercourse as young girls) who do not represent the general population of women globally. Meyer et al. [23] reviewed 45 studies that assessed the impact of substance abuse and violence on HIV-associated risk behaviours and bidirectional relationships between violence and HIV status. They found no difference in experience of IPV between HIV infected and uninfected women in the context of substance abuse. Stockman et al. [57] examined the impact of coerced/forced first sexual intercourse on HIV risk among women in low-and middle-income countries. They found that coerced/forced sexual initiation was associated with HIV/STIs, multiple and high-risk sex partners, and non-use of condom. Reviews by Maman et al. [58] and Campbell et al. [24] did not assess the association of IPV with HIV infection, but provided a framework for understanding the intersections between the two. Thus, there remains a paucity of consistent evidence of the association of IPV with HIV among the general population of women.
To summarize evidence regarding the association of IPV and HIV infection among women, we identified 28 studies involving 331,468 individuals in 16 countries. Pooled analyses of data indicated that physical violence, sexual violence, a combination of physical and sexual violence, and any type of IPV (physical, sexual, or psychological) were associated with HIV infection in women. In particular, results from highquality cohort studies with no heterogeneity included in this review demonstrated strong evidence of an association between physical and any type of IPV and HIV infection among women. Cross-sectional studies indicated that physical IPV, combination of physical and sexual IPV, and any type IPV were significantly associated with HIV infection among women. Although case-control studies did not indicated significant associations between sexual IPV and any type of IPV and HIV infection among women, pooled results were suggestive of a potential relationship.
As findings of the review demonstrated, the most frequently studied forms of IPV were sexual and physical IPV or their combination. A study by van der Straten et al.
[51] demonstrated a relationship between sexual coercion and physical violence, whereby women who reported partners' insistence to have sex with them against their will were more likely to also report being beaten (OR 1.95; 95% CI] 1.4Á2.7). Sexual violence was reported more often as an independent or conjunct risk factor for HIV infection among woman than any other form of IPV.
Sub-group analysis indicated that study region and instruments used to collect data on IPV were sources of heterogeneity. It was notable that IPV was more likely to be significantly associated with HIV infection among women in low-and middle-income countries than in a high-income country. This result underscores the complex factors that underpin HIV infection among women in low-and middle-income countries. For example, the higher prevalence rates of HIV in the low-and middle-income countries could have contributed to the association of IPV and HIV in these countries since the association of IPV and HIV transmission will be weaker in countries where the base prevalence rate of HIV is lower than in countries where the base prevalence rates are higher. Similarly, unlike in many high-income countries, studies in sub-Saharan Africa [59] show that the acceptance of wife beating for transgressing certain gender roles is widespread. Studies conducted in South Africa, Uganda and India [60Á62] found that IPV was considered a normal part of marital relationships and was justified by 41Á90% of female respondents in at least one situation. Due to cultural factors and resource constraints, most women who experience IPV in low-and middle-income countries do not seek care and support for their experience, and this may increase their risk for HIV infection [63] . A study of IPV and HIV serodiscordance in Uganda [64] found that none of the women reported their experience of IPV to law enforcement authorities, and most did not seek care. In many low-and middleincome countries, the belief that a woman is the property of the husband and the failure of authorities to treat sexual violence as a criminal offence discourages reporting of sexual violence and makes leaving abusive relationships difficult, thereby exacerbating the abuse [65] and heightening the risk for HIV infection.
An important theme that was evident in our review and the general literature was the need to harmonize definitions and tools for measuring IPV. Stockman et al. [12] found that most studies that used behaviourally specific terms for assessing sexual IPV found strong associations between sexual IPV and HIV risk behaviours, while studies that used less specific definitions often did not find these marked associations. The authors emphasized the need for future efforts to integrate behaviourally specific terms in the assessment of the prevalence of sexual IPV and its association with HIV risk.
Limitations
This review included cross-sectional, case-control and cohort studies, which have some inherent limitations. For example, cross-sectional studies measure exposure and disease status simultaneously. Thus, it is difficult to determine the direction of the observed associations. This is particularly true for IPV and HIV infection. Analyses of the pathways of transmission of HIV as a result of IPV suggest that it is the partner who is perpetrating the IPV that puts the woman at risk for HIV transmission. However, most studies do not consider the timing of the woman's relationship with a partner who perpetrates IPV, and thus, cannot demonstrate temporal association with HIV infection. In fact, while IPV is hypothesized to increase a woman's risk for HIV infection, studies have shown that HIV infection can also lead to, or exacerbate existing violence in relationships [21, 30, 44, 47, 51, 66] . Similarly, studies included in this review lacked data on dose-effect relationships between IPV and HIV infection. Equally, data on the length of exposure to IPV varied considerably among the studies. Although most studies collected lifetime IPV data, some collected data on IPV in the past year [21, 37, 38, 51, 52] , while others collected data on IPV in the past three months [32] . Finally, IPV is a very sensitive topic, and victims are often ashamed to openly talk about it [19, 31, 41] . Thus, it is possible that the studies may have grossly under-reported the prevalence of IPV due to negative social desirability bias [19, 38] .
It is notable that after controlling for heterogeneity and study quality, pooled results still demonstrated an association between IPV and HIV infection among women. Similarly, this review included studies conducted in diverse cultural settings, involving over 300,000 individuals. We followed standard systematic review methods [27] and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses, PRISMA. We sought to moderate effect estimates by conducting analysis of all data using the random effects model. ''The random-effects model incorporates the differences between studies in the calculations and (usually) increases the width of the confidence interval around the pooled estimate of effect, thus giving a more conservative estimate of effect'' [67] . Thus, notwithstanding the aforementioned limitations, the findings provide useful insight into the global debate on the association between IPV and HIV infection among women.
Implications for research
To further elucidate the strength of the association between IPV and HIV infection among women, there is a need for highquality follow-up studies conducted in different geographical regions of the world, and among individuals of diverse racial/ cultural backgrounds and varying levels of HIV risks. Studies that assess association between frequency, duration, intensity, severity of IPV and HIV infection can strengthen the IPVÁ HIV hypothesis.
Implications for practice and policy
Several studies have established that the fear of IPV is a reason for non-disclosure of HIV positive status by women [68] . Similarly, fear of IPV has been shown to be a factor in women's non-adherence to HIV treatment [65, 69] . Thus, understanding the relationship between IPV and HIV/AIDS among women, and assessing gender-based violence in the context of HIV prevention is important. With regard to prevention of IPV, Dunkle and Decker [16] have provided a summary of individual and population level interventions that can be effective. For example, survivors of IPV should be supported to seek HIV prevention and treatment. Initiatives that address HIV/AIDS should include the assessment of vulnerability to IPV and provide appropriate counselling and referral. A number of important tools are available for assessing women's risk for IPV [70, 71] . Similarly, appropriate counselling and case-management protocols are available for use by professionals working in the field of HIV/AIDS prevention and treatment [70] . At the population level, interventions that address the underpinning societal gender norms that perpetuate IPV against women are needed.
